Introduction
Ultra wideband (UWB) is an emerging wireless technology that offers great promise to satisfy the growing demand for high speed and low-cost short-range communications. Due to its low power consumption and wide bandwidth, this technology is suitable for the mass market of wireless personal area networks (WPAN). Moreover, UWB is designated for high bit-rate cabling replacement, such as high-definition multimedia interface for high-definition (HD) video and Universal Serial Bus for general purpose data transmission between in-home devices. An example of HD video stream wireless solutions based on UWB technology have been recently studied [1] . However, the current UWB transmission is inherently limited to several meters air transmission due to the high path loss. UWB signal coverage can be extended by transmission over fiber to the individual rooms in-home. Radio-over-fiber, especially using 1 mm poly-methylmetacrylate (PMMA) plastic optical fiber (POF), is considered as an attractive technique for UWB signal distribution [2] , due to several factors: the potential for 'do-it-yourself' installation, easy maintenance, and smaller bending radius compared with silica single-mode and multi-mode fibers or other types POFs. At low cost, robust and high capacity communication can be offered where twisted pair, CAT5 or coaxial cable cannot reach, therefore overcoming the last-mile broadband access bottleneck [3] . PMMA POF has been shown as a cost-effective and competing broadband communication solution for in-home infrastructures providing high capacity Gigabit Ethernet [4] . Hence, further developments in this direction have led to the research interest on delivering multi-band orthogonal frequency division multiplex (MB-OFDM) UWB signals over large core POFs, in order to provide the optical backbone for WPAN services.
To explore a potential in-home scenario, we demonstrate for the first time, a real-time HD video broadcasting system over 50 m 1 mm core PMMA graded index (GI) POF link and 3m wireless channel employing MB-OFDM UWB signal transmission. As shown in the proposed in-home network scenario in Fig. 1 , the POF infrastructure is used to provide connectivity between the residential gateway (RG) and the remote antennas in each room. A high definition video stream sent from the master PC by Ethernet is modulated by UWB radio, and the RG performs E/O conversion and distributes signals over POF. PMMA GI POF has been successfully shown by employing an eye-safe broadband red vertical cavity surface emitting laser (VCSEL) diode, an avalanche photodetector (APD) receiver and low-cost radio frequency components, such as mixers, amplifiers and antennas. This work is supported by European Commission FP7 ICT-224521 POF-PLUS.
Experiments, Results, and Discussions
In Fig. 2 The transmitted signal is launched into the POF with optical power less than 0 dBm to remain within eye-safety regulations for in-home applications. After transmission over 1 mm core POF of maximum 50 meters, the signal is coupled to a photo receiver based on a 230 μm Si-APD, equipped with a 2-stage electrical amplifier. At the receiver end, a mixer is used to up-convert the UWB signal to its original frequency band before being radiated over the air. A digital phosphor oscilloscope (DPO) and a spectrum analyzer are employed to monitor the emitting signal, which should be compliant with the FCC mask. The onward UWB signal is transmitted using an omnidirectional patch antenna (gain: 0 dBi) through the wireless channel to a second UWB transceiver board at the mobile unit. The HD video with high quality is received by the client laptop in real-time. Notice that the HD video UWB radio transmission proposal can be configured as a broadcast system for multiple users. An additional omnidirectional antenna with an external high gain amplifier and spectrum analyzer is configured to evaluate the quality of the received signals.
The proposed system is based on a simple intensity-modulation direct-detection optical link, whose frequency response is shown in Fig. 3 . Since we use a 1 mm core PMMA GI-POF, whose bandwidth is more than 1.5 GHz, the main bandwidth limitation arises from the optoelectronic components, especially the Si-APD based receiver with limited bandwidth of 1.4 GHz. We perform a study on the quality of the HD video UWB signal transmission over optical link before air link. The error vector magnitude (EVM) performance as a function of the different POF transmission lengths of 4 50 meters is shown in Fig. 4 . The EVM for optical back-to-back case is 20.26 dB (9.7%),
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OSA/OFC/NFOEC 2011 OWB5.pdf which can be used as a reference for the penalty evaluation. The POF link up to 50 m gives a system penalty less than 1.3 dB indicating optical transmission lengths introduce slight signal degradation to the system. Note that the standard EVM requirement for FCC compliance is 16dB (15.5%), and all measurement results obtained are well below this requirement, indicating that the link margin is approximately 2.8 dB for the 50 m POF link. The EVM performance of every sub-carrier and the received constellation of the demodulated UWB signal after 50 m POF transmission are shown in Fig. 5 . The benefits of MB-OFDM are such that although some subcarrier indices have higher than the average EVM, the overall system performance still meets the required standards. Notice that for 50 m POF transmission, which represents the worst case, the constellation points shown in Fig. 5 (right) are still clearly separated.
To evaluate the quality of the HD video stream, three snapshots of the same frame of the HD video with corresponding electrical spectrum are recorded at the output of the UWB transceiver, after 50 m POF transmission (before the wireless channel) and at the remote antenna unit, as shown in Fig. 6(a) and (b) , respectively. The comparison between Fig. 6(a) and (b) clearly shows that after the optical transmission link, HD video UWB signals keep a high signal-to-noise ratio as the original electrical UWB signal and is well within the 41.3 dBm/MHz spectral mask limit defined by the FCC. Due to the multipath fading associated with the wireless environment, air transmission introduces signal distortion at the client receiving end, as shown in Fig. 6(c) . From the comparison of snapshots in Fig. 6 we can clearly observe the transmitted video signal over 50 m optical link maintains high performance. Wireless link has severe impacts on the video signals and therefore the maximum air transmission length is set to 3 m to keep the same high video quality.
Conclusions

